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ELECTROLUMINESCENCE DISPLAY DEVICE 



BACKGROUND OF THE INVENTION 

5 1. Field of the Invention 

The present invention relates to an electroluminescence 
display device comprising electroluminescence elements and thin 
film transistors. 

=£110 2. Description of the Prior Art 

Sj In recent years, electroluminescence (referred to herein 

pi after as "EL") display devices comprising EL elements have gained 
2 attention as potential replacements for CRTs and LCDs. Research 
JU has been directed to the development of EL display devices using, 
p{l5 for example, thin film transistors (referred to hereinafter as 
X "TFT") as switching elements to drive the EL elements. 
w Fig. 1 is a plan view showing a display pixel of an organic 

EL display device. Fig. 2A shows a cross-sectional view taken along 
line A-A of Fig. 1 while Fig. 2B shows a cross-sectional view taken 
20 along line B-B of Fig. 1. 

As shown in these drawings, a display pixel 20 is formed in 
a region surrounded by a gate line GL and a data line DL. A first 
TFT serving as a switching element is disposed near an intersection 
of those lines. The source of the TFT 1 simultaneously functions 
25 as a second capacitor electrode 3 such that, together with a first 
capacitor electrode 2, it forms a capacitor 8. The source is 
connected to a gate electrode 15 of a second TFT 4 that drives the 
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organic EL element. The source of the second TFT 4 contacts with 
an anode 6 of the organic EL element , while the drain of the TFT 
4 is connected to a power source line (drive line) VL. 

The first capacitor electrode 2 , which is made of a material 
5 such as chromium, overlaps, over a gate insulating film 7, the second 
capacitor electrode 3 integral with the source of the first TFT 
1. The first capacitor electrode 2 and the second, capacitor 
electrode 3 together store charges with the gate insulating film 
7 being interposed therebetween as a dielectric: layer. The 
SlO storage capacitor 8 serves to retain voltage applied to the gate 

electrodes 15 of the second TFT 4. 
m The first TFT 1, the switching TFT, will now be described. 

£ First gate electrodes 11 made of refractory metal such ; as. 

CI chromium (Cr) or molybdenum (Mo) are formed on a transparent 
m 15 insulator substrate 10 made of quartz glass , non-alkali glass , or 
X a similar material. As shown in Fig. 1/ the first gate electrodes 

W " 11 are integrally formed with the gate line GL such that: a plurality 
of these electrodes extend from the gate line GL in the vertical 
direction in parallel with each other. Referring to Fig. 2A, the 
20 first capacitor electrode 2 formed in the same process as that of 
the first gate electrodes 11 is provided to the right side of the 
first gate electrodes 11. This first capacitor electrode 2, which 
constitutes the storage capacitor 8, has an enlarged portion between 
the first TFT 1 and the second TFT 4 as shown in Fig. 1 and is integral 
25 with a storage capacitor line CL extending therefrom in the 
directions . 

A first active layer 12 composed of poly-silicon (referred 
to hereinafer as "p-Si") film is formed on the gate insulating film 
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7. The first active layer 12 is of a so-called LDD (Lightly Doped 
Drain) structure. Specifically/ low-concentration regions are 
formed on both sides of the gate. Source and drain regions, which 
are high-concentration regions, are further disposed on the 
outboard sides of the low-concentration regions. On the first 
active layer 12, a stopper insulating film 13 made of Si oxidation 
film is formed so as to prevent ions from entering the first active 
layer 12 . 

An interlayer insulating film 14 formed by sequential 
lamination of a Si0 2 film, a SiN film, and a Si0 2 film is provided 
on the entire surface over the gate insulating film 7, the active 
layer 12 , and the stopper insulating film 13 . The data line DL which 
functions as a drain electrode is electrically connected, through 
a contact hole CI formed in the interlayer insulating film 14, to 
the drain in the active layer 12. A planarizing insulating film 
18 made, for example, of an insulating organic resin is also formed 
over the entire surface for planarization. 

In EL display devices which are driven by an electric current, 
the EL layers must have a uniform thickness. Otherwise, current 
concentration may occur in a portion of the layer having thinner 
thickness. Thus, a significantly high level of planarity is 
required at least in portions where the EL elements are to be formed, 
and therefore the above-described planarizing film 18 made of a 
material having fluidity prior to hardening is employed. 

The second TFT 4 which drives the organic EL element will be 
described with reference to Figs. 1 and 2B. 

On the insulating substrate 10, second gate electrodes 15 
made of the same material as the first gate electrodes 11 are 



provided, and a second active layer 16 is further formed on the 
gate insulating film 7 . Then, a stopper insulating film 17 is formed 
on the second active layer 16 in a manner similar to the 
above-mentioned stopper insulating film 13. 
5 intrinsic or substantially intrinsic channels are formed in 

the second active layer 16 above the gate electrodes 15, and source 
and drain regions are formed on respective sides of these channels 
by doping p-type impurities, thereby constituting a p-type channel 
TFT . 

Oio The above-described interlayer insulating film 14 is provided 

9] on the entire surface over the gate insulating film 7 and the second 
active layer 16, and the power source line VL is electrically 
W connected, through a contact hole C2 formed in the interlayer 

insulating film 14, to the drain in the active layer 16. Further, 
S 15 the planarizing film 18 is formed over the entire surface, such 
C . that the source is exposed through a contact hole C3 formed in the 
C planarizing film 18 and the interlayer insulating film 14. A 

transparent electrode made of ITO (Indium Tin Oxide) that contacts 
the source through this contact hole C3, namely, the anode 6 of 
20 the organic EL element 20, is formed on the planarizing insulating 
film 18. 

The organic EL element 20 is formed by laminating, in order, 
the anode 6, an emissive element layer EM comprising a first hole 
transport layer 21, a second hole transport layer 22 , an emissive 
25 layer 23 and an electron transport layer 24, and a cathode 25 made 
of a magnesium- indium alloy. The cathode 25 is substantially 
disposed over the entire surface of the organic EL elements. 

The principle and operation for light emission of the organic 
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EL element is as follows. Holes injected from the anode 6 and 
electrons injected from the cathode 25 recombine in the emissive 
layer 23, to thereby excite organic molecules constituting the 
emissive layer 23, thereby generating excitons. Through the 
5 process in which these excitons undergo radiation until 
deactivation, light is emitted from the emissive layer. This light 
radiates outward through the transparent anode via the transparent 
insulator substrate and resultant light emission is observed. 

The above-described EL elements are expected to be actively 
QK) developed, and pixel size must be minimized to the greatest possible 
Si extent in order that the number of pixels disposed in a limited 
J 1 display pixel area can be maximized to achieve higher resolutions. 
^ This requirement will be described with reference to Fig. 1. 

r Various spaces must be reduced, such as the space between the anode 
& 6 and the second gate electrode 15, the space between the anode 
O 6 and the gate line GL for the pixel located in the next row, and 
the space between the storage capacitor 8 and the anode 6 . 

However, because the EL element is a self emissive element, 
a leak current is generated at the TFT when the light emitted by 
20 the element is introduced into the active layer of the TFT, whereby 
the amount of current supplied to the EL element is increased and 
the luminance is higher than actually required for that EL element. 
Consequently, the display emission can not accurately realize the 
display data. 

25 In monochrome displays, this problem manifests itself as a 
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situation in that display areas that should be gray are displayed 
a whiter shade than intended. 

SUMMARY OF THE INVENTION 

The present invention has been conceived in view of the 
above-described problems , and solves the problems by separating, 
from an emissive layer, an interface between a channel of a thin 
film transistor and one of first and second conductive regions 
connected to an EL element. 

According to another aspect of the invention, a first thin 
film transistor connected to a data line, and a second thin film 
transistor haying a third and a fourth conductive regions, one of 
which regions connected to an EL element are provided, and an 
interface between a channel of the second thin film transistor and 
the conductive region connected to the EL element is spaced apart 
from an emissive layer. 

Generation of a leak current is prominent when light enters 
a depletion layer formed in the vicinity of a junction interface 
(interface between a channel and a source or drain) . While the leak 
current generated in the interface of one of the first and second 
or the third and fourth conductive regions of the TFT is controlled 
by a gate electrode before flowing into the EL element, the leak 
current generated in the other conductive region connected to the 
EL element cannot be controlled and flows into the EL element. 
Consequently, by providing a space between the EL element and the 
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end of the depletion layer located closer to the conductive region 
connected to the EL element, the area near the end of the depletion 
layer is protected from exposure to light from the EL element. 

According to still another aspect of the present invention, 
a light shielding film for shielding light emitted from the EL 
element is provided between the EL element and the interface between 
the channel and the conductive region connected to the EL element. 

According to a further aspect of the present invention, a 
first thin film transistor connected to a data line and a second 
thin film transistor having a third and a fourth conductive regions, 
one of which regions connected to an EL element are provided* and 
a light shielding film is provided for blocking light emitted from 
the EL element from entering an interface between a channel of the 
second thin film transistor and the conductive region connected 
to the EL element. 

By forming a light shielding film over the conductive region, 
connected to the EL element, of the second TFT which is connected 
to the EL element and would otherwise be problematic as described 
above, light emitted from the EL element can be completely blocked. 

According to a further aspect of the present invention, a 
light shielding film for shielding light emitted from the EL element 
is provided over a semiconductor layer of the thin film transistor 
or over a semiconductor layer of the first and/or second thin film 
transistor. 

According to a further aspect of the present invention, a 



first or second electrode of the thin film transistor also serves 
as the light shielding film. As a result, the light shielding film 
can be formed without requiring any additional or special steps. 
Further, the resistance of a power source line can be easily reduced 
5 by connecting the light shielding film and a power source of the 
EL element. 

According to a further aspect of the present invention, a 
light shielding film having an opening at a position corresponding 
* to the EL element is provided in a layer underlying the thin film 
|10 transistor. 

1 . Light entering the semiconductor layer from outside through 

J the transparent substrate can be blocked by the light shielding 

film, thereby preventing generation of a leak current. 
J.. According to a further aspect of the present invention, the 

fl5 light shielding film underlying the above transistor is 
electrically connected to the power source of the thin film 
transistor, and the light shielding film provided between the 
transistor and the EL element is electrically connected to the first 
or second electrode of the thin film transistor. Such a structure 
20 prevents generation of leak current at the TFT and prevents 
reduction in line resistance, so that variation in luminance among 
various positions in the display area can be suppressed. The light 
shielding film also allows elimination of the power source line. 
According to a further aspect of the present invention, the 
25 opening of the light shielding film is located inner than the 
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emissive layer. 

According to a further aspect of the present invention, a 
light shielding film having an opening at a position corresponding 
to the EL element is provided in a layer underlying the thin film 
transistor, and this opening of the light shielding film is formed 
inner than an outer edge of the emissive region of the emissive 
element . 

Consequently, in contrast to related art devices wherein 
image areas to be displayed in gray are displayed whiter than proper 
and color reproducibility in each of gray levels is lost, the present 
invention suppresses generation of a leak current , thereby 
improving color reproducibility of gray colors. Further, as a 
light shielding film having an opening corresponding to a portion 
(emissive layer) of the EL element is employed, a sharp display 
is obtained for each pixel and improvement in image sharpness and 
mixture in color can be achieved. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a plan view illustrating a display pixel of an EL 
display device according to a prior art. 

Fig. 2A is a cross sectional view taken along the line A- 

A in Fig. 1. 

Fig. 2B is a cross sectional view taken along the line B- 
B in Fig. 1. 

Fig. 3 is a plan view illustrating a display pixel of an EL 




display device of the present invention. 

Fig. 4 illustrates a structure example of a second TFT shown 
in Fig. 3. 

Fig. 5 illustrates another structure example of the second 

5 TFT shown in Fig. 3. 

Fig. 6 is a cross sectional view taken along the line A-A in 

Fig. 3 . 

Fig. 7 is an equivalent circuit diagram of an EL display device 
j% of the present invention. 

inn 

SilO Fig. 8A is a cross sectional view of the EL display device 

W including a TFT of the top gate type taken along the line A-A in 

ss;s 

Fig. 3..: : 

% Fig. 8B is a cross sectional view of the EL display device 

%■ including a TFT of the top gate type taken along the line B-B in 
Q15 Fig. 3. 

DESCRIPTION OF THE PREFERED EMBODIMENTS 
Preferred embodiments of the electroluminescence display 
device of the present invention will now be described. Fig. 3 is 
20 a plan view illustrating a display pixel of an EL display device 
of a bottom gate type . Regions surrounded by dotted lines and shaded 
by dots are a gate line GL, gate electrodes 11 and 15, a first 
capacitor electrode 2, and a line CL, formed of a gate material. 
Regions surrounded by solid lines and without hatching are formed 
25 of a Si layer (P-Si layer in this example), namely, active layers 
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12 and 16 of the TFTs and a second capacitor electrode 3 formed 
integrally with the active layer 12. A region provided in a lower 
part of the pixel and surrounded by solid lines in the figure is 
a transparent electrode serving as an anode 6 of the EL element. 
5 Regions surrounded by solid lines and indicated by hatching with 
slant lines are lines VL, DL and 30, and a light shielding layer 
BM, containing Al as a main material. 

Fig. 4 and Fig. 5 are enlarged views corresponding to the 
O portion taken along the line B-B in Fig. 3 which illustrate an 

jBS. 

W10 important feature of the present invention. Fig. 6 is a cross 
?• sectional view taken along the line A-A in Fig. 3. Fig. 7 is an 
% equivalent circuit diagram, where the portion surrounded by dotted 
□ lines indicates a display pixel area. 

nj in the present embodiment, both the first and second TFTs 1 

O 15 and 4 are of the bottom gate type, including a poly-Si film as an 

active layer. The gate electrodes 11 and 15 have a double gate 

structure . 

An organic EL display device according to the present 
embodiment will be specifically described with reference to Figs. 

20 3 through 7. 

First, a transparent substrate 10 having an insulation 
capability at least at the surface is provided. In the present 
embodiment, a metal cap (can) is provided, though unillustrated 
in the drawings, to seal the EL material and protect the EL element 

25 from moisture. Consequently, the emitted light is obtained from 
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the substrate 10 , and therefore the substrate 10 must be transparent, 
because the metal cap is opacity. However, when a transparent cap 
is provided so that the emitted light is obtained from this cap, 
the substrate 10 need not be transparent. In this example, the 
5 transparent substrate 10 formed of glass, synthetic resin, or the 
like, is employed. 

On a main surface of the transparent substrate 10, a gate line 
GL extends horizontally (in a row direction) along an upper side 
p of each pixel region shown in Fig. 3, and the gate electrodes 11 

5l0 extend from the gate line GL for each pixel. A first capacitor 

Si 

I 1 electrode 2 serving as a lower electrode of a storage capacitor 

i y 

W. 8 is formed at the same time and of the same; material as the gate. 

The first capacitor electrodes 2 located adjacent to each other 

|j in the row direction are connected by the capacitor line CL formed 

5 15 integrally with the electrodes 2. As the lines GL and CL are in 

lasJ 

the same layer formed simultaneously of the same material, as 

described above, they are indicated by the same hatching in Fig. 

3. This layer is formed of a refractory metal, such as Cr or Ta, 

because the layers (12, 16, and 3) provided over this layer are 
20 formed of P-Si through an annealing process. In this embodiment, 

a Cr layer of about 1000-2000 A is formed through sputtering. 

Taking step coverage into consideration, edges of these lines are 

tapered during patterning. 

After forming the gate and the electrode located at the same 
25 layer, a gate insulating film 7 and a semiconductor film forming 
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active layers of the TFTs 1 and 4 are successively formed in this 
order through plasma CVD over the entire substrate. As the gate 
insulating film 7, a Si nitride film of about 500 A and a Si oxide 
film of about 1300 A are successively formed in this order from 
5 the bottom, and then an a-Si film of about 500 A is formed. The 
semiconductor film first formed as described above an a-Si film 
is then turned into a p-Si film through an annealing process as 
described hereinafter, and used for the active layers 12 and 16 

O and a second capacitor electrode 3 which is an upper electrode of 

CP 10- the storage capacitor 8. 

.IP This a-Si film is subjected to dehydrogenation annealing in 

^ a nitrogen atmosphere at a temperature of about 400 °G, and turned 
q into a p-Si film through polycrystallization with an excimer laser, 
fij The numeral 13 indicates a stopper insulating film formed of a Si 
O 15 oxide film serving as a mask during ion implantation into the active 
layers 12 and 16. This stopper insulating film is not necessary 
if a resist mask is used as the implantation mask. The resist mask 
is removed after ion doping. The second TFT 4 shown in Fig. 5 has 
a structure formed by using the resist mask as a doping mask, as 
20 in the latter option. While either mask type can be used, the first 
and second TFTs provided on the same substrate are generally formed 
by using the same type of mask. 

The first TFT 1 is formed as an N-channel TFT with P 
(phosphorous) ions doped therein, while the second TFT 4 is formed 
25 as a P-channel TFT with B ions doped therein. 

13 



The p-Si film is patterned to a desired shape as shown in Fig. 
3 through photolithography . The P-Si layer constituting the active 
layer of the first TFT 1 overlaps a data line DL in the vicinity 
of an upper-left intersection of the gate line GL and the data line 
5 DL, and bestrides the gate electrode 11. The second capacitor 
electrode 3 formed integrally with this active layer also extends 
overlapping the first capacitor electrode 2. The second capacitor 
electrode 3 is connected to the gate electrode 15 of the second 
□ TFT 4 through the connection line 30 extending on the right side, 
0110 as viewed in Fig. 3, of the gate electrode 15 and formed over the 

C ? gate electrode 15 in a later step. The P-Si layer constituting the 

fu ' 

W active layer 16 of the second TFT 4 is patterned so as to extend 
under a power source line (drive line) VL disposed on the right 
m side of each display pixel, over the second gate electrode 15 , and 
5-15 then under the anode 6 formed of the transparent electrode. 

An interlayer insulating film 14 is formed over the entire 
surface. This interlayer insulating film 14 is of a three-layer 
structure including a Si oxide film of about 1000 A, a Si nitride 
film of about 3000 A, and a Si oxide film of 1000 A, stacked in 
20 this order from the bottom through sequential CVD. It should be 
noted, however, that this interlayer insulating film is required 
to have at least a single layer and that the thickness of the films 
are not limited to the above examples. 

On the interlayer insulating film 14 are formed the data line 
25 DL extending in a column direction of the pixel as shown in Fig. 
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3, the power source line VL, and the connection line 30 for 
connecting the second capacitor electrode 3 and the gate electrode 
15 of the second TFT 4. A contact hole is formed at a predetermined 
position of the interlayer insulating film 14, and respective 
5 semiconductor layers are exposed at the bottom of a contact hole 
CI for the data line DL and the active layer of the first TFT 1, 
a contact hole C2 for the power source line VL and the active layer 
of the second TFT 4, and a contact hole C4 for the connection line 
3 30 and the capacitor electrode 3 . In contrast to these contact holes , 
110 at a contact hole C5 for the line connection 30 and the second gate 
] electrode 15, a Cr film used for the gate electrode 15 is exposed 
: because not only the interlayer insulating film 14 but also the 
gate insulating film are provided between these layers and the gate. 
| insulating film is also etched. In the contact holes CI, C2, C4 , 

1 15 and C5, respective line materials are filled, including a lower 
Mo layer of 1000 A, and an upper Al layer of 7000 A, wherein the 
Mo layer serves as a barrier layer. 

On these lines and the interlayer insulating film 14, a 
planarized film 18 of an insulating material having a thickness 
20 of about 1-3 jUm is formed over the entire surface. The planarized 
film 18 is included because of the emissive element film EM of the 
organic EL element. This film EM includes a first hole transport 
layer 21, a second hole transport layer 22, an emissive layer 23, 
and an electron transport layer 24. The hole transport layers may 
25 be formed of a single layer. Because such an organic EL element 
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is composed of stacked thin films and driven by an electric current, 
respective thin films must be formed with a highly uniform thickness . 
Otherwise, variations in thickness lead to a larger amount of 
current flowing through portions with a smaller thickness, thereby 
creating points emitting much brighter light than the rest of the 
display. The organic film is likely to undergo accelerated 
deterioration at these points, leading to, in the worst case, 
breakdown .In order to prevent such breakdown, it is necessary 
to make the entire surface including the anode 6 as flat as possible, 
in this example, as a liquid acrylic resin is applied which has 
fluidity, a flat upper surface can be obtained before being cured, 
and naturally: the surface remains flat after being cured. The 
material of the planarized film 18 is not limited to the acrylic 
resin. 

■■: in the present embodiment, the anode 6 and the source of the 
second TFT 4 must be connected, and therefore a contact hole G3 
is formed through the planarized film 18 and the inter layer 
insulating film 14 . Through this contact hole C3 , the second active 
layer 16 is connected to the transparent electrode forming the anode 
20 6 of an organic EL element 20. 

The anode 6 is patterned, for example, as shown in Fig. 3, 
and an organic film forming the EL element is formed in a region 
covering at least the anode 6. More specifically, on the anode 6, 
the organic film includes the emissive layer EM composed of the 
25 first hole transport layer 21 formed of 
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MTDATA : 4 , 4 ' , 4 " -tr is ( 3 -methy lpheny lpheny lamino ) tr ipheny lamine , 
the second hole transport layer 22 of 

TPD : N,N ' -diphenyl-N ,N ' -di ( 3-methylphenyl ) -1 , 1 ' -biphenyl-4 , 4 ' -diamine, 

the emissive layer 23 of 
5 Bebq 2 : bis(10-hydroxybenzo[h]quinolinato)beryllium including 
quinacridone derivatives, and the electron transport layer 24 of 
Bebq 2 , and a cathode 25 formed of a magnesium-silver (Ag) alloy, 
an Al-Li alloy, Al/LiF, or the like, stacked from the bottom. The 
3 cathode 25 is composed of stacked layers of Al and LiF. (It is 
110 substantially formed of an alloy of these materials because an LiF 
1 layer is extremely thin.) 

I. While the anode 6 must be patterned for each pixel, the types 

of films provided on the anode 6 are classified in accordance with 
j the structure as follows : 

5 15 i) a structure wherein the layers from the anode 6 to the cathode 
25 are patterned for each pixel; 

2) a structure wherein among the the layers from the anode 6 to 
the cathode 25, only the cathode 25 is not patterned and formed 
over substantially the entire display area; and 
20 3 ) a structure wherein only the anode 6 is patterned for each pixel 
as shown in Fig. 3, and the layers from the layer immediately on 
top of the anode to the cathode are formed over the entire display 
area. 

As it is not particularly necessary to pattern the cathode 2 5, it 
25 is generally formed over the entire area. Another planarized film 

17 



may further be formed on the planarized film 18 to cover the edge 

of the anode 6 . 

A metal cap is bonded onto the main surface of the substrate 
10 for separating, from the external environment, at least an EL 
5 layer of the display area, and preferably the entire region on the 
substrate 10 where the EL layer is provided. The purpose of such 
a provision is to seal the display area with the cap so as to prevent 
any moisture from entering the sealed area because the EL layer 
O is degraded by absorbing moisture. The cap may, therefore, be 
SlO replaced with a film highly resistant to moisture, such as a resin 
•J? film, or a metal cap may be provided on such a film. 
W The light emitting principles and operations of the organic 

O EL element will be described. Holes and electrons injected from 
m the anode 6 and the cathode 25, respectively, are recombined in 
Sl5 the emissive element layer EM, thereby exciting organic molecules 
contained in the emissive layer 23 and generating excitons. Light 
is released from the emissive layer 23 during the process in which 
the excitons deactivate, and this release of light to the outside 
from the transparent anode 6 through the transparent insulating 
20 substrate 10 is explained. 

The present invention utilizes a structure suppressing light 
emitted from the EL element 20 , more specifically the emissive layer, 
from entering the active layer of an EL display device structured 
as outlined above. 
25 The regions of the poly-Si layer (active layer) 16 indicated 
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by hatching in Fig. 4 are the regions doped with impurities, 
interfaces (diffusion area interfaces: channel interfaces) between 
the impurity doped region and an intrinsic layer are denoted as 
SF1, SF2, SF3, and SF4 from the left of the figure. While a double 
5 gate structure with divided gates is employed for the TFT 4 shown 
in Fig. 4, there will be no interfaces SF2 and SF3 if the two gates 
shown in Fig. 4 are integrated. 

A first feature of the present invention lies in that the 
B diffusion area interface SF1 is spaced apart from the EL element 
jfLO (especially the emissive layer) . By thus providing a space, light 
°{ can be suppressed from entering the diffusion area interface. As 
a depletion layer is produced especially in the vicinity of the 
~. diffusion area interface SFl, generation of a leak current becomes 
3 ihore conspicuous when light impinges on the interface SFl. A 
3l5 depletion layer is also produced at, for example, the interface 
SF4, and a leak current is generated when light impinges thereon. 
However, in this embodiment, a leak current from the drain side 
of the first and second TFTs 1 and 4 flows into the source region 
through the gate electrodes 11 and 15, and therefore all currents 
20 including the leak current can be controlled by the gate electrodes 
11 and 15. On the other hand, at the interface SFl located on the 
source region side, especially the interface SFl of the second TFT 
4, the current flows directly into the EL element without passing 
through the control electrodes, and therefore the problem is 
25 aggravated. Consequently, the interface SFl is preferably 
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positioned as far apart from the EL element 20 as possible in the 
present embodiment. Fig. 3 and Fig. 4 illustrate a structure 
wherein the second gate electrode 15 is positioned closer to the 
power source line VL and the interface SFl is provided as far apart 
5 from the EL element 20 as possible. 

As an example of structure for preventing light from entering 
the active layer of the TFT, the light shielding films BMl and BM2 
as shown in Fig. 6 and Fig. 5 can be employed for the first and 
p second TFTs 1 and 4, respectively. Referring to Fig. 6, the light 
OHO shielding film BMl is positioned overlying the first active layer 
?! 12 and underlying an EL element portion for the display pixel located 
^ immediately above as viewed in Fig. 3. More specifically, as all 
IU the EL element portions are formed on the planarized film 18 as 
m shown in Fig. 5, the light shielding film BMl can be formed as an 
5 15 island simultaneously with the data line DL, the power source line 
VL, and the like, prior to formation of the planarized film 18, 
As shown in Fig. 5, the light shielding film BM2 for the second 
TFT 4 is provided between the EL element 20 and the active layer 
16. Especially in this example, the source electrode SE formed of 
20 the same material as the power source line VL (drain electrode DE) 
extends toward the right side of Fig. 5 (the active region side) 
to cover the interface SFl, thereby forming the light shielding 
film BM2. As a result, light emitted from the EL element is 
prevented from reaching the interface SFl as indicated by the arrow. 
25 Further, generation of a leak current due to light shining on the 
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interface SF can more reliably be prevented by positioning the film 
BM2 as close as possible to the drain electrode DE, while maintaining 
the distance of not creating a short circuit with the drain, to 
cover the interface SF4 as indicated by the dotted line . With such 
5 a configuration, the light shielding film BM2 may be extended from 
the source electrode SE toward over the active region. 

While the light shielding film BMl shown in Fig. 3 is formed 
as an island over the active region 12, the drain electrode DE may 
O extend to the active region as indicated by the dotted lines in 
5h0 Fig. 6. in addition, the light shielding film BM2 shown in Fig. 
2; 5 may also be provided as an island as the film BMl in Fig. 3. 
*y Referring to Fig. 5, the contact hole C3 is a hole formed in 

p the planarized film 18 and the interlayer insulating film 14 for 
fU bringing the source region S of the active layer 16 into contact 
Q 15 with the anode 6 through the source electrode SE . It should be noted 
that in Fig. 5 the region denoted by (a) shows an example of a planar 
structure of the second TFT 4 and the region (b) shows a cross 
sectional structure taken along the line C-C in the region (a). 
While the structures of the films BMl and BM2 in the TFTs of 
20 the bottom gate type are described above, the present invention 
is also applied to the TFTs of the top gate type, which will be 
described as a second preferred embodiment of the present 
inevention. 

The planar pattern of the TFTs of the top gate type is 
25 substantially the same as that of the TFTs of the bottom gate type 
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shown in Fig. 3 and Fig. 5. The cross sections corresponding to 
the lines A-A and B-B in Fig. 3 are shown in Fig. 8A and Fig. 8B, 
respectively. The portions in Figs. 8A and 8B identical to those 
in the drawings referred to in the above description are labeled 
5 with identical numerals and characters. 

An insulating layer 180 is first formed over the entire 
surface of the substrate 10. This insulating layer 180 is composed 
of a lower Si nitride film of 500 A, and an upper Si oxide film 

n of 1000 A. The Si nitride film serves as a stopper for impurities 

OHO dispersed from glass. 

ffl semiconductor layers (p-Si or a-Si layers ) are formed at 

W regions where the active layer 12 of the first TFT 1, a lower 
L electrode (second electrode 103) of the storage capacitor 8 

m integrally formed with the active layer 12, and the second active 

O 15 layer 16 of the second TFT 4 are formed. 

A gate insulating film 107 is disposed over the entire surface 
covering these semiconductor layers, and, in the first TFT 1, a 
gate electrode 111 and the gate line GL integral with the gate 
electrode 111 are formed on the film 107 as shown in Fig. 8A. 
20 Simultaneously, an upper electrode (first electrode 102) of the 
storage capacitor 8 is formed of the same material in the same layer 
as the gate electrode 111. The first electrode 102 corresponding 
to the first capacitor electrode 2 shown in Fig. 3 is formed 
integrally with the storage capacitor line CL, and extends in the 
25 row direction. In the second TFT 4, a gate electrode 115 shown in 
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Fig. 8B is formed at the same time and of the same material as the 
gate electrode 111 of the first TFT 1. For these gate electrodes, 
a material containing Al as the main component in addition to a 
refractory metal mentioned above may be employed. The reason why 
5 Al can be used is that the interlayer insulating film 14 can be 
formed at a low temperature through plasma CVD or the like. 

The semiconductor layers serving as the active layers 12 and 
16 are doped. with impurities using as a mask the gate electrodes 
m 111 and 115 patterned in a predetermined shape, so that a channel 
JIlO region is formed immediately under the gate, and source and drain 
i regions are formed on both sides thereof. As a P-channel TFT and 
W . an N-channel TFT are to be formed, in doping one TFT with impurities 
1 of the conductive type of either P or N, the other TFT region is 
S masked with resist, which also applies to the bottom gate type 
g 15 structure. After the doping of impurities, the semiconductor 
" layers are patterned, and the gate insulating film 107 is then formed. 

The semiconductor layer constituting the lower electrode 103 of 
the storage capacitor 8 is not doped with impurities because the 
upper electrode 102 formed of the same material as the gate lies 
20 over this semiconductor layer. However, this layer is used as an 
electrode by applying a voltage equal to or higher than that provided 
to the first gate electrode 111, and generating a channel at the 

semiconductor layer. 

After the doping process, the interlayer insulating film 14 
25 is formed, followed by formation of the data line DL, the power 



23 




source line VL, and the planar ized film 18 thereon. As shown in 
Fig. 8B, the transparent electrode is formed as the anode 6. 
The anode 6 and the second TFT 4 are connected through the source 
electrode SE, formed as the same layer as the power source line 
VL, in the contact hole C3 similarly to the structure shown in Fig. 
5(b) . The source electrode SE may extend to cover the entire active 
layer to form the light shielding film BM2 , or the light shielding 
film BM2 may be formed as an island as shown in Fig. 8B. 
Alternatively, the drain electrode may be extended. However, 
because the source electrode SE is located nearest the EL element 
20, the option of providing an extended source electrode SE can 
more reliably prevent light from entering the interface SFl . The 
light shielding film BM2 need not be provided, and instead the 
interface SFl may be positioned as far apart from the EL element 
20 as possible as shown in Fig. 4. 

Meanwhile, the light shielding film BMl shown in Fig. 8A may 
extend from the data line DL (drain electrode) , or may be provided 
as an island as shown in Fig. 8B. 

The EL element 20 has the same structure as that of the 
previously described embodiment. 

In either the top gate structure or the bottom gate structure, 
a light shielding film BM3 may be provided between the substrate 
10 and the active layers 12 and 16 to thereby prevent external light 
introduced from the layer underlying the transparent substrate from 
entering the active layers 12 and 16. Especially in the TFT of the 
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top gate type, such a light shielding film is preferably provided 
between the substrate 10 and the active layers 12 and 16. 

As indicated by the dotted lines in Figs. 8A and 8B, the light 
shielding film BM3 may be applied, for example, directly on the 
5 transparent substrate 10, and an opening is provided therein for 
exposing the EL element 20 (anode 6). A refractory metal is one 
preferred material, and a Cr film of 1000-2000 A is used in this 
example. An insulating film is provided on the light shielding film 
n BM3 so as to maintain insulation between the film and the active 
SlO layer or the conductive material for the gate or lines formed thereon. 
■6m The insulating film 180 shown in Figs. 8A and 8B, for example/ can 
W be used for this purpose. A structure in which a Si nitride film 
JL of 500 A and a Si oxide film of 1000 A stacked, in that order, from 
the bottom, for example, can be employed. While Figs. 8A and 8B 
□ 15 show an example where the film BM3 is used in combination of the 
films BM1 and BM2 , only the film BM3 may be employed. It should 
be noted, however, that at least one of the films BM1 and BM2 is 
required for shielding light from the EL element. 

The light shielding film BM3 has an opening to expose the anode 
20 6, but the rest of the film BM3 covers the entire surface of the 
substrate 10, thereby preventing external light from entering 
except at the opening for the anode, and thereby ensuring even more 
reliable prevention of leak current. 

The light shielding films BMl, BM2 , and BM3 employed in this 
25 embodiment has a very small resistance with small variation. 
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Therefore, by electrically connecting the light shielding films 
to the power source line VL, and to a power source input terminal 
T shown in Fig. 7 , a voltage applied to the EL element 20 through 
the TFT 4 for each pixel can be made more uniform. This power source 
5 input terminal T is connected to the power source. As the light 
shielding films BMl and BM2 shown in Figs. 8A and 5, for example, 
are integral with the data line DL and the source electrode, 
; respectively, these films BMl and BM2 cannot be connected to the 
S power source. On the other hand, the films BMl and BM2 formed as 
SlO an- island shown in Figs. 6 and 8B, respectively, and BM3 can be 
J 1 connected to the power source line VL or the terminal T as described 



□15 display area, and is connected to each display pixel arranged in 
the column direction to supply a current for driving the EL element. 
As the power source line VL is quite long on the whole display area, 
the line resistance is generated. However, by connecting the light 
shielding film BM (especially BM3 ) to the power source line VL, 
20 adjacent display pixels and, therefore, each pixel in the entire 
display area receive a voltage at substantially the same potential. 
In addition, a current is also supplied from the light shielding 
film BM3, so that a current at the value that should be supplied 
in accordance with the display data can be supplied to the organic 
25 EL element provided for each display pixel, thereby preventing 
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As can be seen from the equivalent circuit diagram of Fig. 




7, the power source line VL extends in the column direction in the 



voltage from dropping due to line resistance, and therefore 
preventing degradation in display or diminished display 
brightness . 

Next, the contact holes for connecting the above power source 
5 line VL and the light shielding film will be described when the 
light shielding film, such as BMl in Fig. 6, BM2 in Fig. 8B, or 
BM3, is provided. The purpose of providing a "contact" between the 
above-described light shielding film and the power source can be 
1 achieved by creating at least one contact hole in the substrate 
LllO 10.. However, creating a small and fixed number of contact holes 
U for each pixel leads to an even more uniform distribution of 
C resistance and voltage in the display area, whereby a current at 
| the value that should be supplied, i.e. the luminance that should 
Z be obtained, can be more accurately reproduced. When the power 
il5 source is electrically connected to the light shielding film BM3 
and the like, an alternative structure where the drain of the second 
TFT is connected to the film BM3 and no power source line VL is 
provided may also be employed. 

While a p-Si film is used as a semiconductor film in the above 
20 embodiments , such semiconductor films as. a microcrystalline silicon 
film or an amorphous silicon film may also be used. 

By providing the light shielding film BM3 extending slightly 
further inward than the edge of the anode, higher contrast and 
sharper image display can be achieved because there is no non- 
25 emissive region in each opening, and simultaneously the resistance 
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of the entire light shielding film BM3 can be further reduced due 
to increased effective area of the film BM3 . 

Although the above embodiments are described in the context 
of an organic EL display device, the present invention is not limited 
to such a device and can also be applied to an inorganic EL display 
device having an emissive layer EM made of an inorganic material, 
providing the similar effects. 

While two TFTs are employed for each pixel , it is also possible 
to drive the EL element with one TFT in each pixel. 
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